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Notes on Rosaceae—X| 
PER AXEL RYDBERG 


ROSES OF CALIFORNIA AND NEVADA 


Two years ago I had practically completed the manuscript for 
the monograph of the genus Rosa to be printed in the North Amer- 
ican Flora. As this would only make half a part as usually pub- 
lished, and as the rest of the manuscript for the same part, which is 
to be contributed by other persons, is not yet ready and may not be 
for some time, I thought it would be advisable to publish some of 
the notes and some of the descriptions of new species in advance. 
Besides, Professor Le Roy Abrams, of the Leland Stanford Uni- 
versity, has sent me for determination the collection of North 
American roses, found in the herbarium of the said institution. 
I therefore think it is a proper time to put on record my present 
knowledge of the genus Rosa, with particular reference to California 


and Nevada, the two states best represented in that collection. 


Key to the groups and species 
Pistils numerous; styles as well as the upper part of the hypan- 
thium persistent. 

Flowers corymbose or, when solitary, supported by bracts; 
achenes borne both on the inner walls and in the 
bottom of the receptacle; leaflets large. 

Stem with scattered prickles, rarely also with inter- 
mixed bristles; sepals distinctly lobed; foliage glan- 
dular-punctate, sweet-scented. I. CANINAE. 

Stem, at least the young shoots, bristly; prickles infra- 


stipular or lacking; sepals entire or only the outer 


[The BULLETIN for January (44: I-64) was issued February 12, 1917.] 
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ones occasionally with one or two lobes; foliage not 
sweet-scented. 
Flowers solitary, bractless; achenes inserted only in the 
bottom of the hypanthium; leaflets very small. 
Pistils few; styles deciduous with the upper part of the hypan- 
thium which falls off like a ring. 


I. CANINAE 


A climbing rose. 


Il CINNAMOMIAE 


Flowers mostly solitary; petals usually 2.5 cm. long or more; 
hypanthium in fruit 12-20 mm. thick; prickles straight 
Prickles stout, more or less flattened below, ascending; 
petioles, rachis, and lower surface of the leaflets not 
pilose, except sometimes on the veins 
Leaflets very thin, pale and slightly glandular-puber- 
ulent, but not muriculate beneath. 
Leaflets thicker, dark-green on both sides, conspicu- 
ously glandular-muricate beneath. 
Prickles weak, almost terete; petioles, rachis, and lower 
surface of the leaflets distinctly pilose 
Flowers mostly corymbose; if solitary, the petals 2 cm. long 
or less; fruit rarely more than 1 cm. thick. 
Prickles more or less curved; leaves more or less softly 
villous or pilose 
Leaflets not at all glandular beneath, mostly simple- 
toothed; hypanthium with a distinct neck, often 
ovoid. 
Leaflets conspicuously glandular beneath, more or less 
double-toothed. 
Hypanthium with a distinct neck. 
Leaflets broadly oval or obovate; fruit sub- 
globose or broadly obovoid. 
Leaflets elliptic; fruit elongate-ellipsoid. 
Hypanthium depressed-globose, without a neck; 
leaflets elliptic or narrowly oval. 
Prickles straight or nearly so. 
Hypanthium normally not bristly. 
Hypanthium globose or nearly so; neck obsolete 
or inconspicuous. 
Sepals lanceolate, with long caudate-attenuate 
or foliaceous tips, more than 1 cm. long. 
Stipules, petioles, and rachis copiously 
glandular; leaflets orbicular or rounded- 
ovate, often double-toothed with gland- 
tipped teeth, more or less glandular- 
granuliferous beneath. 


Leaflets very thin; prickles slender. 


II. 
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Leaflets green on both sides; petals 
about 2 cm. long. 

Leaflets pale beneath; petals about 
I cm. long. 

Leaflets not very thin, dark-green; 

prickles stout. 

Leaves scarcely pubescent beneath. 

Leaves decidedly pubescent beneath. 

Leaflets rather simply serrate; 
hypanthium pilose when young. 

Leaflets conspicuously double-ser- 
rate; hypanthium glabrous. 

Stipules, petioles, and rachis not conspicu- 
ously glandular (stipules glandular- 
denticulate in no. 18). 

Leaflets glabrous or nearly so. 
Leaflets broadly oval, 3-5 cm. long. 
Leaflets obovate to elliptic, rarely 3 
cm. long. 

Leaflets usually obovate, not shin- 
ing; plant not conspicuously 
prickly. 

Leaflets elliptic, shining; plant 
usually very prickly. 

Leaflets more or less pubescent beneath. 
Leaflets villous or pilose beneath, 
rounded or broadly oval; prickles 

stout. 

Leaflets sparingly pubescent on 
both sides, thin; prickles rather 
few. 

Leaflets pubescent on both sides, 
densely so beneath, thick; 
prickles very numerous. 

Leaflets finely puberulent beneath; 
prickles rather weak. 

Leaflets rounded-oval or subor- 
bicular, thick; stipules conspicu- 
ously glandular-denticulate; pe- 
tals less than 1 cm. long. 

Leaflets elliptic to oval; stipules 

slightly if at all glandular- 
dentate; petals larger. 
Sepals decidedly glandular on 
the back; prickles few, small 
and ascending. 
Sepals not glandular on the 
back. 


IQ. 
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R. pinetorum. 


. R. calavera. 


. R. muriculata. 


. R. santae-crucis. 


R. Dudleyi. 


R. rivalis. 


R. chrysocar pa. 


R. mohavensis. 


R. myriantha. 


R. Davyi. 


R. rotundata. 


R. pisocarpa. 
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Leaflets broadly oval, thin, 


2-5 cm long; plant 
nearly unarmed. 20. R. salictorum 


Leaflets narrowly oval o1 j 


elliptic, less than 3 
cm. long. 


Leaflets firm; prickles 


few 21. R. ultramontana. 


Leaflets thin; prickles 


numerous. 22. R. gratissima. 


Sepals ovate, less than 1 cm. long, not conspicu- 


yuusly caudate; leaflets giandular-double- 
toothed, glabrous or slightly glandular-granu- 
liferous beneath 23. R. Bolanderi 


Hypanthium elongate, with a distinct neck 
Hypanthium glabrous. 


t beneath; fruit 


Leaves finely puberulent 
elliptic; plant unarmed or nearly so 24. R. Pringles 
Leaves glabrous; fruit urn-shaped; prickles 
rather stout, flattened below 25. R. Copelan 
Hypanthium pilose when young, ellipsoid 
leaves pilose, densely so and _ glandular- 
granuliferous beneath 26. R. pilifera 


Hypanthium densely bristly or prickly. 


Leaflets thin, usually more than 1.5 cm 
glaucous; sepals more than Ir cm. long. 


Leaflets densely glandular-granuliferous beneath; 


teeth usually lanceolate in outline 27 
Leaflets sparingly glandular-granuliferous bs 
neath; teeth ovate in outline 28. R. spithamae 
Leafiets firm, glaucous, less than 1.5 cm. long; 
sepals less than I cm. long 29. R. nomensi 
Ill MINUTIFOLIAE 
One species 3 R. minutiflora. 
IV. GYMNOCARPEAI 
Leaves glabrous beneath; prickles very slender 
Flowers usually solitary, not leafy-bracted; stipules naz 
row; leaflets with lanceolate teeth; fruit 6 mn l 
liameter or less 
Leaflets 5-7, usually more than 1.5 cm. long, the 
31. R. gymnocarpa. 


erminal one rounded at the base 


Leaflets 7-9, usually less than 1.5 cm. long, the terminal 
yne usually acute or cuneate at the base. 2. R. prionota. 

Flowers mostly 2—4 together, leafy-bracted; upper stipules 

broadly dilated; leaflets with broadly ovate teeth; fruit 

33. R. dasypoda. 


6-8 mm. broad. 
34. R. Bridgesii. 


Leaves pubescent beneath; prickles usually stouter 


I. CANINAE. The members of.this group are natives of the 
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Oid World and are represented in this country by a few intro- 
duced species. 


I. ROSA RUBIGINOSA L. Mant. 2: 564. 1771 


The sweet brier is often cultivated and has escaped in many 
places in this country. In some parts of the eastern United States 
it is thoroughly naturalized. On the western coast it has estab- 
lished itself in several places in Oregon and Washington, but the 
writer has seen herbarium specimens only from one place in 
California. On account of its stout prickles it has been confused 
with R. nutkana, to which it has no close relationship. 

CALIFORNIA: Yreka, 1910, Geo. D. Butler 1427, 1802. 


II. CINNAMOMIAE. This group is represented in Cali- 
fornia and Nevada only by species of the true Cinnamomiae, 


i. €., species with infrastipular spines usually present. 


2. ROSA NUTKANA Presl, Epim. Bot. 203. 1849 


Although an easily distinguished species, except from the next 
two species, it has been mistaken for R. fraxinifolia Borkh. (i. e., 
R. blanda Ait.) and R. Woodsti Lindl. It has also been named 
R. caryocarpa Dougl. and R. Lyalliana Crépin, but these names 
have not been published except in synonymy. R. aleutensis 
Crepin is probably an unarmed form of this species. R. nutkana 
is distributed from Alaska to northern Wyoming and Oregon. 
It has also been reported from northern California, but the writer 
has no definite locality cited. Perhaps the record is based on 
specimens belonging to either of the next two species. 


3. ROSA MURICULATA Greene, Leaflets 2: 263. 1912 


This species is closely related to R. nmutkana and perhaps not 
specifically distinct. It differs in the thicker and smaller leaves 
densely glandular-muricate beneath and in the often corymbose 
inflorescence. It ranges from British Columbia to northern 
California. 

CALIFORNIA: Mad River, Humboldt County, 1878, Violet 
Rattan; Arcata, Humboldt County, 1899, Dudley. 
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4. Rosa Brownii Rydberg, sp. nov. 


Stem slender, terete, glabrous, green or brownish, armed with 
slender straight prickles which are 5-8 mm. long, terete except the 
expanded depressed base; leaves five- to seven-foliolate; stipules 
ovate, acute; petiole and rachis finely pilose and more or less glandu- 
lar; leaflets thin, 1-3 cm. long,serrate withsome of the’teeth double, 
broadly oval, acute at the apex, glabrate above, paler, pilose and 
slightly glandular-muricate beneath; flowers mostly solitary; 
pedicels 1-2 cm. long, glabrous; hypanthium globose, glabrous, in 
fruit about 12 mm. in diameter; sepals lanceolate, caudate-acu- 
minate, usually with foliaceous tips, about 2 cm. long, glabrate on 
the back, tomentose and slightly glandular-hispid around the 
margins, and tomentose within: petals broadly obovate, rose- 


colored, 1.5-2 cm. long; styles distinct, persistent, not exserted; 
achenes inserted both on the inside and in the bottom of the 
hypanthium. 


This species resembles somewhat R. nutkana, but the prickles 
are weak, not at all flattened, and the petioles, rachis and lower 
surface of the leaflets decidedly pilose. Much of the Californian 
material determined as R. nutkana belongs here. 

CALIFORNIA: North side of Mt. Shasta, 1897, H. E. Brown 349 
(type, in the herbarium of the New York Botanical Garden); Hum- 
boldt Bay, 1901, Chandler 1198; Mendecino, 1903, McMurphy 270. 


5. ROSA CALIFORNICA Cham. & Schlecht. Linnaea 2: 35. 1827 


The original R. californica is characterized by its stout, flat, 
usually curved prickles, corymbose flowers, and its leaflets which 
are villous on both sides, usually simple-toothed and rarely 
slightly, if atall, glandular. The hypanthium is usually ovoid with 
a distinct neck. It is not uncommon throughout California, and 
two specimens have been seen from Lower California. 

LOWER CALIFORNIA: San Ysidro Ranch, Mearns 3865 (peculiar 
form); between Tio Juana River and Laguna, Mearns 3504. 


6. Rosa ALDERSONII Greene, Pittonia 5: 110. 1903 


This species differs from R. californica in the doubly serrate 
leaflets which are conspicuously glandular-granuliferous and only 
slightly, if at all, pubescent beneath. The first one to recognize 
it as different from the typical R. californica was C. A. Meyer, who 
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called it R. californica Petersiana.* Crépin changed the varietal 
name to glandulosa.{ He also gave R. Aschersoniana Crépin as a 
synonym. Rosa Aldersonit was described from a specimen, not 
quite of the usual form, having small, more rounded leaflets, short 
prickles and congested inflorescence. Rosa Breweri Greenet is, 
in my opinion, only a stunted and somewhat abnormal form of 
this species, with densely glandular pedicels and more hairy 
leaves. R. Aldersonii is, besides, very variable, usually with a 
subglobose hypanthium, with a distinct neck, but sometimes with 
a somewhat ellipsoid hypanthium. It also varies in having larger 
or smaller leaflets and with numerous or few flowers. Sometimes 
the styles are more or less exserted. It is fully as common as the 
preceding throughout California. 


7. Rosa Greenei Rydberg, sp. nov. 


Stem rather slender, I m. or so high, purplish, glabrous, armed 
with curved infrastipular prickles, which are more or less flattened, 
3-6 mm. long; leaves five- to seven-foliolate; stipules narrow, I-1.5 
cm. long, densely glandular-puberulent; petiole and rachis glandu- 
lar-puberulent and somewhat prickly; leaflets elliptic, acute at both 
ends, 2-4 cm. long, glandular-double-toothed, puberulent above, 
glandular-puberulent and slightly pilose beneath; inflorescence 
corymbiform or paniculate; pedicels 1-2 cm. long, glandular- 
puberulent; hypanthium elongate-ellipsoid, with a distinct neck, 
in fruit 2 cm. long and I cm. in diameter; sepals lanceolate, caudate- 
acuminate, about 2 cm. long, glandular-hispid on the back, to- 
mentose within, in fruit persistent and erect; petals about 15 mm. 
long, rose-colored; styles distinct, persistent, not exserted. 

This is related to R. Aldersonii, but differs in the narrower 
leaflets and the decidedly ellipsoid hypanthium, with a long neck. 

CALIFORNIA: Santa Cruz Island, July and August, 1886, E. L. 
Greene (type, in the United States National Herbarium); appar- 
ently also San Mateo, Heller 8582. 


8. Rosa brachycarpa Rydberg, sp. nov. 


Stem apparently tall, stout, purple, armed with curved flat- 
tened infrastipular prickles, which are about 5 mm. long; leaves 
mostly seven-foliolate; stipules not strongly dilated, 1-1.5 cm. long, 

* Zintr. 19. 1848. 


+ Bull. Soc. Bot. Belg. 15: 52. 1876. 
t Leaflets 2: 262. 1912. 
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glandular-ciliate on the margins and glandular-puberulent on the 
back; petioles and rachis glandular-puberulent and _ slightly 
prickly; leaflets elliptic or narrowly oval, mostly acute at both 
ends, rather evenly serrate, with broad, occasionally double, and 
gland-tipped teeth, conspicuously glandular-puberulent and 
slightly pilose beneath, 2—4 cm. long; inflorescence rather many- 
flowered, corymbiform; pedicels about I cm. long, glabrous or 
nearly so; hypanthium depressed-globose, without a neck; sepals 
ovate, caudate-acuminate, about 1.5 cm. long, glabrous on the 
back, villous on the margins and tomentose within; in fruit erect 
and persistent; petals about 15 mm. long; styles distinct, persistent, 
decidedly exserted. 

This species is also related to R. Aldersonti, but differs from 
all the other relatives of R. californica in the hypanthium lacking 
the neck, and in the decidedly exserted styles. 

CALIFORNIA: Temescal Cafion, near Elsinore, May 23, 1892, 
McClatchie (type, in the herbarium of the New York Botanical 
Garden). 


g. ROSA PINETORUM Heller, Muhlenbergia 1: 53. 1904 


This species has been collected only in the neighborhood of the 
type station, that is around Monterey Bay. The following speci- 
mens have been seen. 

CALIFORNIA: Pacific Grove, Heller 6817; 1907, Patterson & 
Wiltz; 1908, L. E. Cox; Point Pinos, Heller 8413; Monterey, Parry. 


10. ROSA CALAVERA Greene, Leaflets 2: 257. 1912 


This was included in the R. gymnocarpa group by Dr. Greene, 
perhaps on account of the shape of the leaflets and the small 
flowers, but the sepals and style are persistent and it is more nearly 
related to R. pinetorum, differing in the small flowers and the leaflets 
which are pale beneath. While R. pinetorum is confined to the 
coast, this species belongs to the Sierra Nevada. 

CALIFORNIA: Calveras Big Tree Grove, E. L. Greene; Tulare 
County, Dudley, at the following localities: Second Dry Meadow 
Creek, Kern River, 1895; Board Camp, 1902; Keweath River 
Valley, 1896, 1385, 1367, 1313a; Redwood Meadow, Alta Peak, 
1896, 1642; Coffee Pot Camp, 1897, 1765; Hollow Log Camp, 
1900; east of Sequoia Grove. 
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11. Rosa santae-crucis Rydberg, sp. nov. 


Stem 1-2 m. high, dark reddish-brown, glabrous, armed with 
straight stout infrastipular prickles about 1 cm. long and more or 
less flattened; leaves mostly five-foliolate; stipules 1.5-2 cm. long, 
pubescent as well as densely glandular-muricate, more or less 
lobed; free portion ovate, obtuse; petiole and rachis villous and 
glandular-puberulent; leaflets rounded-oval, 1-3 cm. long, rounded 
at each end, rather simply serrate, with broad ovate teeth, pilose 
and glandular-puberulent above, villous and conspicuously 
glandular-muriculate beneath; inflorescence corymbose, many- 
flowered, leafy-bracted; pedicels short; hypanthium globose, 
pilose when young, in fruit 12-15 mm. in diameter; sepals lanceo- 
late, caudate-attenuate, 15-20 mm. long, villous and glandular- 
hispid, erect and persistent in fruit; styles included, distinct, 
persistent; achenes inserted both in the bottom and on the inside 
of the hypanthium. 


This species suggests closely R. Aldersonii and its relatives, 
but the prickles are straight. 

CALIFORNIA: island of Santa Cruz, 1886, EZ. L. Greene (in the 
Greene herbarium). 


12. Rosa Dudleyi Rydberg, sp. nov. 


A low shrub 3-5 dm. high; branches reddish or greenish, armed 
with infrastipular straight prickles 5-10 mm. long, somewhat 
flattened below, and with smaller scattered prickles on the new 
shoots; leaves usually five- to seven-foliolate; stipules narrow, glan- 
dular-puberulent and conspicuously glandular-dentate; free portion 
lanceolate; leaflets rounded-oval, or the terminal one rounded- 
obovate, I-2 cm. long, conspicuously double-serrate with gland- 
tipped teeth, pubescent on both sides and glandular-puberulent 
and somewhat paler beneath; flower corymbose; hypanthium 
glabrous, subglobose, in fruit about 1 cm. broad; sepals densely 
puberulent on both sides, grayish within, glandular-ciliolate, in 
age 12-15 mm. long, caudate-acuminate; petals about I cm. long. 

In general appearance it resembles somewhat R. sonomensis 
and R. Bridgesti, but differs from the former in the glabrous, not 
bristly, hypanthium and from the latter in the persistent styles 
and sepals, the stouter spines, and larger subglobose fruit. It is 
most closely related to R. calavera, but differs in the thicker, more 
hairy leaves and stouter prickles. 

CALIFORNIA: near Booles Home, Converse Basin, Fresno 


| 
| 
| 
i 
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County, October 16, 1900, Dudley 3388 (in the Dudley her- 
barium, Leland Stanford University). 


13. ROSA RIVALIS Eastw. Bull. Torrey Club 32: 198. 1905 


This species is related to R. Woodsii and R. pisocarpa, but its 
leaflets are much larger, broader and thinner, broadly oval, 
sometimes almost orbicular and perfectly glabrous beneath. 
They resemble somewhat those of R. myriantha, which, however, 
has pubescent leaves. I have not seen the type of this species 
but showed Kellogg & Harford’s No. 226 to Miss Eastwood, and 
she said that she regarded the same as typical R. rivalis. In the 
Missouri Botanical Garden herbarium, the locality of this number 
is given as San Francisco. This is probably wrong. In the her- 
barium of the New York Botanical Garden, Kellogg’s field label 
is present, which reads: ‘‘Rosa. Long Valley, June 11, 1869, red, 
7 or 8 feet high—along shady rivulet—Kellogg.”’ According to 
Miss Eastwood, Long Valley is not very far from the type locality 
of R. rivalis. A form with leaves somewhat pubescent beneath 
and somewhat glandular petioles was collected by Mrs. Austin (No. 
400) at Mill Creek, California. The following belong to R. rivalis: 

CALIFORNIA: Long Valley, Kellogg & Harford 226; Placer 
County, 1893, Mrs. Hardy (on this sheet Crépin has written: 
‘“‘N’est pas le R. spithamaea Wats., ou le californica, etc.’’). 

OREGON: Cold Spring, Crook County, 1898, Coville & A pplegate 
131. 

14. Rosa chrysocarpa Rydberg, sp. nov. 

Stem tall, 1-3 m. high, terete, at first light yellowish green, 
later grayish brown, armed with straight prickles, somewhat re- 
trorse, terete, 3-7 mm. long, usually more or less flattened at the 
very base, some of them infrastipular, others scattered, of various 
lengths; young shoots copiously armed with bristle-like prickles; 
floral branches 1-2 dm. long, armed with mostly infrastipular 
prickles; stipules adnate, glabrous, 1-2 cm. long, the lower narrow, 
the upper dilated, glandular-dentate or ciliate on the margins; 
petiole and rachis glabrous, sometimes with a few prickles; leaflets 
five to seven, elliptic or oval, thin, glabrous on both sides, yellowish 
green, coarsely serrate throughout, petioluled, 1-4 cm. long; flowers 
corymbose, leafy-bracted; pedicels 1-2 cm. long, glabrous; hypan- 
thium globose, glabrous, at first light-green, in fruit about I cm. 
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thick and orange; sepals lanceolate, caudate-attenuate, about 1.5 
cm. long, glabrous or nearly so on the back, tomentose on the 
margins and within, in fruit erect and persistent; styles distinct, 
persistent, not exserted; achenes inserted both in the bottom and 
on the inside of the hypanthium. 


This species is related to R. Woodsit, but differs in the yellowish 
green leaflets, sharply serrate with teeth directed forward, the 
orange fruit and usually many-flowered corymbs. The following 
belong here: 

Urtau: Allen Cafion, 1911, Rydberg & Garrett 9302 (type, in 
the herbarium of the New York Botanical Garden); Logan, Miss 
Mulford 189. 

IpAHo: Castford, 1912, Nelson & Macbride 1749; Rock Creek, 
1911, Macbride 1375; King Hill, 1912, Nelson & Macbride 1109. 

NEVADA: Franktown, Kennedy 1935; Kings Cafion, Baker 
1221. 

CALIFORNIA: Dutch Flat, Placer County, 1909, Dudley. 


15. ROSA MOHAVENSIS Parish, Bull. So. Calif. Acad. 1: 87. 1902 


This was originally described as R. californica glabrata Parish. 
Parish overlooked the fact that there was an older R. californica 
glabrata Crépin. The present species is not related to R. californica 
but to R. Woodsii, from which it differs in the shining, elliptic 
instead of obovate, leaflets. 

CALIFORNIA: Cushenberry Spring, Parish 4941; Aqueduct, 
Amador County, Hansen 1813, in part; Southern California, 
Elmer 3732; Abrams 2821. 


16. ROSA MYRIANTHA Carr. Rev. Hort. 1865: 448. 1865 


This species, not uncommon in California, has generally been 
overlooked. Crépin, apparently not knowing it very well, admitted 
it asa variety glabra of R. californica, notwithstanding the fact 
that it has straight prickles. Regel described it under the name R. 
californica. From his treatment it is not evident that he even 
knew of the existence of R. californica Cham. & Schlecht., but it is 
evident that he was not familiar with it. The following specimens 
belong to R. myriantha: 

CALIFORNIA: Eel River, Heller 6044; Red Reef Cajion, 
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Abrams & MacGregor 135; Goose Lake, Mrs. Austin 455; ‘* Cali- 
fornia,” Kuntze 3205; Berry Cafion, Heller & Brown 5546; 
Butte County, Mrs. Austin 1800; Colby 752; Sonoma County, 
Heller 5678; Little Chico, Mrs. Austin 1807; Round Valley, 
Chestnut 212; San Diego County, Abrams 3763; Laguna, Mearns 
36050; Schoenfeldt 3598; Dulzura & El Mido, Mearns 3879; Witch 
Creek, San Diego County, Abrams 4914. 

OREGON: Barlow Gate, Lloyd; Lower Albina, Portland, Shel- 
don 10659; Wimmer, Hammond 119, in part 


17. Rosa Davyi Rydberg, sp. nov. 


Stem stout, 5-10 m. long, glabrous, armed with numerous stout 
prickles flattened below; leaves five- to seven-foliolate; stipules 
broad, I-1.5 cm. long, glandular-dentate on the margin, densely vil- 
lous, free portion lanceolate to ovate; rachis and petiole villous and 
sometimes glandular-hispid, usually with a few prickles; leaflets 
broadly oval, I-2.5 cm. long, rather firm, rounded at both ends, 
coarsely and simply serrate, short-pilose above, villous beneath; 
flowers two or three together or solitary; pedicels 1-2 cm. long; 
hypanthium globose, glabrous, in fruit 15 mm. in diameter, purple; 
sepals lanceolate, caudate-acuminate, 15 mm. long or more, 
villous on the back, tomentose within, erect and persistent in 
fruit; petals about 2 cm. long, obcordate; styles persistent, dis- 
tinct, not exserted. 

Rosa Davyi resembles R. californica in the leaf-form, but the 
prickles are long, straight and very numerous. It is a rare species. 
Greene collected a specimen without flower or fruit, which was 
nearly 7 m. high, at San Joaquin. The prickles are straight, flat, 
and nearly 1 cm. long. It evidently belongs here. 

CALIFORNIA: Saratoga, Davy 263 (type, in the herbarium of 
Columbia University); Mendocino, McMurphy 270. 


18. Rosa rotundata Rydberg, sp. nov. 


A stout shrub, more than 5 dm. high; new canes copiously 
armed with slender, straight, almost terete prickles, 5-10 mm. long; 
branches red or purplish, with smaller infrastipular and scattered 
prickles; leaves mostly five- to seven-foliolate; stipules large, 
lance-ovate, puberulent on both sides, conspicuously glandular- 
denticulate, 1-1.5 cm. long; leaflets rounded, oval or suborbicular, 
I-1.5 cm. long and nearly as broad, finely puberulent on both 
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sides, coarsely crenate-serrate with broad teeth; flowers corymbose; 
hypanthium round-ellipsoid or globose, with a short neck; sepals 
ovate, caudate-acuminate, about 8 mm. long, villous within and 
on the margins; petals 8-10 mm. long. 

This species is related to R. pisocarpa and R. ultramontana, 
but differs in the shorter and broader thicker leaflets, the more 
prominent armature, and the small flowers. 

NEVADA: mountains west of Franktown, 1912, Heller 10520 
(type, in the herbarium of the New York Botanical Garden). 


19. ROSA PISOCARPA A. Gray, Proc. Am. Acad. 8: 382. 1872 


Professor Crépin badly misunderstood this species. Nearly 
anything with a small hypanthium he referred to it. Specimens 
of R. Woodsti, R. Fendleri, R. ultramontana, together with two 
undescribed species, and even R. Engelmanni we find determined 
as R. pisocarpa by him. It belongs purely to the Columbia 
Valley region and is not found in the Rocky Mountain states. It 
is characterized by the elliptic or oval leaflets, finely puberulent 
beneath, the comparatively short and glandular sepals, the 
numerous flowers and short ascending straight prickles. 

The only specimen from California seen by the writer is one 
collected by Mrs. Austin without definite locality. 


20. Rosa salictorum Rydberg, sp. nov. 


Stem slender, 3-5 m. high or in open places lower, unarmed or 
nearly so, except the new shoots, which are bristly at the base; infra- 
stipular spinesseldom present; leaves five- toseven-foliolate; stipules 
adnate to the petioles, 1.5—2 cm. long, the upper dilated, more or 
less toothed, finely puberulent; petioles and rachis unarmed, puber- 
ulent; leaflets broadly oval, coarsely and evenly serrate, thin, 
equally green on both sides, glabrous above, finely puberulent 
beneath, rounded or acute at both ends, 2-4 cm. long; flowers 
corymbose, conspicuously leaf-bracted; pedicels glabrous; hypan- 
thium glabrous, globose, contracted above, in fruit about 1 cm. 
broad; sepals lanceolate, caudate-acuminate, about 15 mm. long, 
glabrous on the back, tomentose within and on the margins, erect 
and persistent in fruit; petals pink, about 15 mm. long; styles 
distinct, persistent, not exserted. 
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This species is related to R. pisocarpa and R. ultramontana, but 
differs from both in the large, thin, broadly oval leaflets and the 
few slender prickles. It is almost unarmed except on the new 
shoots. From R. pisocarpa it also differs in the non-glandular 
sepals. 

NEvADA: Gold Creek, July 25, 1912, Nelson & Macbride 2113 
(type, in the herbarium of the New York Botanical Garden), also 
2113; McDonalds Creek, 2156; Owyhee River, 2196; Big Creek, 
Lander County, Kennedy 4106, 4544; Martin Creek, 1913, 4491; 
Star Canyon, southeast of Death, Heller 10570. 


21. ROSA ULTRAMONTANA (S. Wats.) Heller, Muhlenbergia 1: 107. 
1904 

This was first described as R. californica ultramontana S. Wats.,* 
but is not at all related to that species. It is closely related to 
R. pisocarpa and distinguished from that mainly by the sepals 
which are not at all glandular. It belongs to the Great Basin, is 
rather common in Nevada as well as Idaho and eastern Oregon, 
but not so common in California. The following specimens have 
been seen 

CALIFORNIA: Little Grizzly Creek below Genessee, Plumas 
County, 1907, Heller & Kennedy; Hornbrook, 1909, Rusby; Lake 
Tahoe, 1909, Dudley; Hot Springs, Sierra Valley, 1909, Dudley; 
El Dorado County, 1900, Dudley. 


22. ROSA GRATISSIMA Greene, Fl. Franc. 73. 1891 


To this belong the following specimens: 

CALIFORNIA: Griffins, Elmer 3732; South Fork of Kings River, 
1899, Eastwood; Bear Valley, Abrams 2821; Water Cajion, 
Abrams & MacGregor 482; Sky Valley, Culbertson 4873; Long Pine, 
1897, M. E. Jones; Bear Valley, Hall 1324 (?); Colby, Mrs. 
Austin (?); South Fork of Santa Anna, Grinnell 232; San Bernardino 
Mountains, Parish 3274; North Fork of Kern River, V. Batley 
1720; Big Arroya, Soda Springs Trail, Tulare County, Dudley 
2307; Glenbrook, near Lake Tahoe, 1906, Dudley; Lookwood 
Creek, Mount Pinos Region, Dudley & Lamb 4634. 


* Bot. Calif. 1: 187. 1876. 
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23. Rosa BOLANDERI Greene, Leaflets 2: 261. 1912 


This species is related to the R. Covillei of Oregon, but the 
leaflets are thinner, glandular, double-toothed and decidedly 
glandular-pruinose beneath. Crepin determined the type as R. 
gymnocarpa with the remark that the sepals were persistent. Dr. 
Greene also classified it in the Gymnocarpae, but it evidently does 
not belong there. 

CALIFORNIA: Oakland, Bolander. 


24. Rosa Pringlei Rydberg, sp. nov. 


Stem dark gray, I m. high or more, terete, slender, sparingly 
armed with small straight infrastipular prickles, 3-5 mm. long, or 
wholly unarmed; branches 1-3 dm. long, usually unarmed; stipules 
adnate, rather narrow, I cm. long or less, densely and finely puber- 
ulent on the back; the free portions lanceolate, ascending, spread- 
ing, slightly glandular-ciliate; petiole and rachis densely puberu- 
lent, not at all glandular; leaflets five or seven, elliptic, 2-3 cm. long, 
acutish at both ends, rather firm, finely puberulent on both sides, 
densely so, almost velvety, and paler beneath; flowers corymbose, 
two to five together; pedicels 1-2 cm. long, glabrous; hypanthium 
ellipsoid, acute at the base, above produced into a distinct neck, 
glabrous, in fruit 9-10 mm. thick, 12-14 mm. long, dark-purple; 
sepals lanceolate, caudate-attenuate, 12-15 mm. long, finely 
puberulent, in fruit erect and persistent; acheres inserted both in 
the bottom and on the insides of the hypanthium. 

This is related to R. pisocarpa, R. ultramontana and R. Macounii. 
The leaves are dark green above, finely toothed with rather blunt 
teeth and the hypanthium is decidedly ellipsoid, with a neck. 
The plant is almost unarmed. The type in the Columbia Uni- 
versity herbarium has no prickles, but the same number in the 
United States National Herbarium has a single straight prickle 
about 5 mm. long. This was determined as R. pisocarpa by 
Crépin. Suksdorf’s specimen is unarmed and Sheldon’s has only 
a few prickles. 

CALIFORNIA: Siskiyou County, 1882, Pringle (type, in the her- 
barium, Columbia University); 1910, G. D. Butler 1352; Vicinity 
of Rawhide, 1905, Roxana Stinchfield 25, in part; near Stirling, 
1913, Heller ro8or. 

WASHINGTON: Klickitat County, 1885, Suksdorf. 

OREGON: Wallowa River, 1897, Sheldon 8687(?). 
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25. Rosa Copelandii Greene, sp. nov. 


Stem dark purple, terete, shining, sparingly armed with straight 
infrastipular prickles, which are about 5 mm. long, rather stout 
and somewhat flattened below; floral branches 1-2 dm. long, 
purple, more or less armed; stipules 1-2 cm. long, adnate, gla- 
brous, more or less dilated, thin, often tinged with purple; free 
portion semi-lunate, acuminate; petiole and rachis glabrous, often 
slightly prickly, purplish; leaflets five or seven, oval or elliptic, 
thin, perfectly glabrous on both sides, finely serrate, 1-3 cm. long; 
flowers corymbose; pedicels glabrous, short, 1-1.5 cm. long; hypan- 
thium glabrous, urn-shaped, rounded at the base, prolonged above 
into a distinct neck, in fruit 9-10 mm. thick, 10-12 mm. long; 
sepals lanceolate, about 15 mm. long, caudate-attenuate, glabrous 
on the back, tomentose on the margins, in fruit erect and persist- 
ent; achenes inserted in and near the bottom of the hypan- 
thium. 

Dr. Greene recognized this species, but for some reason did 
not publish it. It is characterized by its ovoid urn-shaped hypan- 
thium, with a conspicuous neck, and glabrous leaves. 

CALIFORNIA: Mt. Eddy, Siskiyou County, September 8, 1903, 


Copeland |Baker’s distribution number] 3875. 


26. Rosa pilifera Rydberg, sp. nov. 


Stem 1 m. high or more, at first yellowish, in age dark gray, 
terete, armed with straight infrastipular and scattered prickles 
3-5 mm. long, somewhat flattened below; floral branches 1-3 dm. 
long, usually sparingly armed; stipules adnate, the lower narrow, 
the upper dilated, 1-1.5 cm. long, pilose and glandular on the back, 
glandular-ciliolate on the margins; free portion linear-lanceolate 
to ovate, ascending; petiole and rachis pilose, glandular and some- 
times with a few weak prickles; leaflets five to seven, thin, oval, 
2—3.5 cm. long, sparingly pilose above, more densely so and some- 
what glandular-pruinose beneath, usually more or less double- 
toothed and the teeth often gland-tipped; flowers corymbose; ped- 
icels 1-3 cm. long, more or less pilose; hypanthium ellipsoid, with 
a neck, pilose at least when young, in fruit 8-10 mm. thick, 
12-15 mm. long; sepals lanceolate, caudate-attenuate, 1.5 cm. 
long, more or less pilose, in fruit erect; petals about 1.5 cm. long; 
styles distinct, persistent, not exserted. 

This species has the leaflets of R. Aldersonit, i. e., double-toothed 
and glandular beneath, but they are thinner, the prickles are 


slender, straight, or rarely slightly curved, and the young hypan- 
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thium at least is covered with fine soft hairs. The following 
belong here: 

CALIFORNIA: San Francisco, Dr. Bolander (type, in the herbarium 
of Columbia University); Berkeley, Burt Davy 854; Pine Grove, 
Amado County, George Hanson 7310; no locality, Kelloge & Harford 
225 in part; Sierra Nationa! Forest, 1912, Abrams 409609. 


27. ROSA GRANULATA Greene, Leaflets 2: 262. 1912 


This is closely related to R. spithamaea, but differs in the more 
glandular leaves and narrow teeth. Perhaps not specifically 
distinct. It is known only from the type collection at San Luis 
Obispo. 


28. ROSA SPITHAMAEA S. Wats. Bot. Calif. 2: 444. 1880 


This is a rather local species characterized by its almost her- 
baceous stems, slender prickles and bristly receptacle. 

CALIFORNIA: Trinity River, between Hyampore and Hooper, 
1878-1883, Rattan; Trinity Mountains, Marshall; Lake County, 
1902, Heller; ‘‘ California,” Torrey. 


OREGON: Wimmer, Hammond 120. 


29. ROSA SONOMENSIS Greene, Fl. Franc. 72. 1897 


This is related to R. spithamaea, but differs from the other 
Californian species with prickly fruit in the firm glaucous leaves, 
the densely prickly stem, and the short sepals. 

CALIFORNIA: Petrified Forest, Sonoma County, 1883, Greene; 
Mount Tamalpais, V. Bailey 531; 1885, Rattan; Converse Basin, 
Fresno County, 1904, Dudley. 


IIl. MINUTIFOLIAE. This group is represented by the 


following species and by two species in New Mexico. 
30. ROSA MINUTIFOLIA Engelm. in Parry, Bull. Torrey Club g: 97. 
1882 


This species is a native of Lower California and may be ex- 
pected in San Diego County, California. 
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LOWER CALIFORNIA: Todo Santos Bay, Parry, Pringle, Orcutt; 
Ensenada, M. E. Jones 3697, Anthony 189; San Quentin Bay, 
Palmer 6109. 


IV. GYMNOCARPAE. This is a little group of species all 
confined to the North American Pacific coast. 


31. ROSA GYMNOCARPA Nutt.; Torrey & Gray, Fl. N. Am. 1: 
461. 1840 

Until recently only one species, Rosa gymnocarpa Nutt., and 
one variety, var. pubescens S. Wats., have been admitted to this 
group. R. gymnocarpa ranges from British Columbia to Montana, 
Idaho and California. Dr. Greene in one paper* described not 
less than twelve species which he regarded as belonging to this 
group and seven more related to it but ‘not at all gymnocarpous.” 
It is impossible for me to follow him in his segregation of Rosa 
gymnocarpa, and several of his ‘‘gymnocarpous”’ species do not 
belong to the group at all. 

The Greenian species really belonging to the Gymnocarpae are 
the following: R. glaucidermis, R. crenulata, R. prionata, R. pisca- 
toria, R. abietorum, R. amplifolia, R. leucopsis, R. Helleri, R. apicu- 
lata, and R. dasypoda. Of these the only clearly distinct spe- 
cies is R. crenulata, which, however, has an older name, R. 
Bridgesti Crépin. Of the others I have retained as tentative species 
R. prionata, R. leucopsis and R. dasypoda, but none of these are 
too good as species. They are fairly good varieties, but the rest 
are hardly worth naming even as forms. As most of them belong 
to the Columbia Valley region, I shall discuss them further in a 
subsequent paper and only mention those found in California. 


32. ROSA PRIONOTA Greene, Leaflets 2: 256. I912 


The species is distinguished from R. gymnocarpa by the 
small and often more numerous (seven to nine instead of five 
to seven) leaflets with narrower and sharper teeth.” The terminal 
leaflet is usually cuneate at the base instead of rounded. The 
fruit is described as globose. Both in this species and in R. 
gymnocarpa the immature hypanthium is ellipsoid. If only one 


* Leaflets 2: 254-261. I912. 
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to three achenes are developed, it remains so even at maturity, 
but if more achenes develop the fruit becomes pear-shaped or 
globose. The form of the fruit is, therefore, no specific character. 
R. apiculata Greene and R. piscatoria are forms of this species. 
The former will be discussed in a subsequent paper. The latter 
represents a strong more bristly form of R. prionota. 

Rosa prionota is more common in California than the typical 
R. gymnocar pa. 


33. ROSA DASYPODA Greene, Leaflets 2: 260. 1912 


This is perhaps a good species. I had segregated out the same 
as such, although I had assigned as the type a Californian specimen 
which shows the characters better than Dr. Greene’s type. The 
flowers are nearly always corymbose, i. e., two to four together and 
leafy-bracted, the leaflets thicker and not with semi-pellucid veins, 
the teeth broader and more rounded, and the fruit is larger, 6-8 
mm. instead of 4-6 mm. in diameter. 

It ranges from British Columbia to northern California, where 
it is represented by the following specimens: 

CALIFORNIA: Siskiyou County, Copeland [Baker’s distribution 
number] 3874. 


34. Rosa BripGeEsit Crépin, Bull. Soc. Bot. Belg. 15:54. 1876 


This is a good species and is the same as R. gymnocarpa pubes- 
cens S. Wats.* and R. crenulata Greene.t Crépin gave this species 
a short description, but later, after seeing Watson’s treatment of 
the same, retracted and reduced it to a variety. I was a little 
doubtful whether the name R. Bridgesii belonged to this species 
or to R. sonomensis oi to some related species, but Miss Eastwood, 
who has seen the type of R. Bridgesii, has told me that it is the 
same as R. gymnocarpa pubescens S. Wats. The following speci- 
mens have been seen from California: 

CALIFORNIA: Bridges 95; Pine Ridge, Fresno County, Chandler 
171; Baker 5500; Silver Mountain Pass, Brewer 1915; Havelock, 
Kern County, Grinnell 217; Tuolumne Big Trees, 1911, Abrams 
4701; Shut Eye Pass, 1912, 4928; Yosemite Park, 1915, 5407. 
x Bot. Calif. r: 187. 1876. 

T Leaflets 2: 255. 1912. 
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There are, in the collections examined, a few specimens from 
Nevada and the Klamath region of California which can not be 
referred to any of the species treated above. Some of these may 
be referred to R. Macountt, but the localities are out of the known 
range of that species. The rest may belong to two or three ap- 
parently undescribed species from the Columbia Valley and the 
Great Basin, but the limitations of these species are stiil unsettled. 
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On the cause of alternate bearing in the apple 
O. BUTLER 


(WITH PLATES I-3 AND A TEXT FIGURE 


I 


The production of a heavy crop of fruit every other year, or 
alternate bearing, is a well-marked phenomenon in the apple and 
pear, and is not unknown in certain plums and cherries. Alternate 
bearing in the apple, however, has been more particularly recorded 
by American horticultural writers, who have proposed a variety 
of ways of obviating this vexatious propensity. 

Thacher* remarks that trees that are allowed to stand unpruned 
bear only every other or third year, and his remedy for irregular 
bearing is the knife. 

Downing? states that the apple bears in alternate years, but 
that when the fruit is thinned a tree will bear every year “‘as it 
will also if the soil is kept in high condition.”’ 

Colef observed that apple trees are inclined to bear in the 
even numbered years (1846, ’48, 50) and lightly in the odd years 
(1845, '47, 49) and expresses the view that removing the blossoms 
will change the bearing year. 

Fitz§ recognizes alternation of bearing in the apple and states 
that the most profitable way to obtain annual crops is by proper 
tillage and proper fertilization. 

Thomas believes that thinning the fruit while the applies 
are small will induce regular bearing and that picking off all the 
fruit in the fruitful year will change the year of crop abundance. 

Maynard states that in most apple orchards large crops of 

* Thacher, J. The American Orchardist, Ed. 2,69. Plymouth, Mass. 1825. 

+t Downing, A. J. The fruits and fruit trees of America, 61. New York and 
London. 1845. 

t Cole, S. W. The American fruit book, 87. Boston. 1850. 

§ Fitz, James. The southern apple and peach culturist, 118. Richmond. 1872. 


| Thomas, J. J. The American fruit culturist, Ed. 20, 243. New York. 1897. 
§ Maynard, S. T. Successful fruit culture, 44. New York. 1905. 
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fruit are only produced biennially and that in the northern fruit 
sections the productive year has become more or less fixed on the 
even year. Alternation of bearing may be brought about by 
overproductiveness resulting in an exhaustion of the tree which 
then requires one or more years to develop flower buds again, or 
it may be due to climatic agencies. 

According to Maynard the bearing year may be changed: Ist, 
by removing part or all the fruit; 2d, by manuring the orchard 
during the productive year with bonemeal and potash, or bonemeal 
and wood ashes, or by using nitrate of soda or stable manure in 
the unproductive year; 3d, by seeding the orchard to grass during 
the bearing year; 4th, by ploughing the land in the unfruitful year 
and cultivating during the productive year; 5th, by canker worms 
or vernal frosts destroying the blossoms. 

Powell* observes that the alternate bearing habit once acquired 
will in all probability be kept up indefinitely. Alternate bearing 
is brought about by unfavorable climatical conditions, such as 
hibernal cold or damp weather at blossoming time. 

Waughf notes that alternate bearing is particularly marked 
in the Baldwin apple and believes that more regular productiveness 
could be obtained by thinning the fruit. 

What is the cause of biennial bearing in the apple and what is 
the raison d’étre of the methods proposed to equalize fruitfulness? 


II 

The biennial bearing of apple trees was credited to its proper 
cause by Jules Courtois in a lecture before the Horticultural 
Society of Seine-et-Oise. Hardyf quotes at length from the 
report of this lecture, and from this quotation I translate the 
following passages bearing on the question of the alternation of 
bearing in the apple: 

Again one often sees in pear and apple trees flower buds forming like bouquets 


de mai§ of the stone fruits the second year and expanding the third. 


There is even a kind of an eye||, the eyes of the purse (bourse), of which this is 


* Powell, E. P. The orchard and fruit garden, 14. New York. 1905. 

+ Waugh, F. A. The American apple orchard. New York. 1912. 

t Hardy, J.-A. & A.-F. Traité de la taille des arbres fruitiers, Ed. 12, 123. 
Paris. 

§ Floral development on a spur, lambourde. 


In horticultural literature an ‘‘eye” is a bud that will produce a le: 


y axis, 
and a “bud,” or “‘fruit-bud,’’ is a bud that will produce a floral axis. 
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practically the normal mode of development. Developing at the same time as the 
flowers at the base of the floral axis or purse, these eyes become ordinarily during 
the same season, buds crowned by three or four leaves, unless an exuberance of sap 
forces them to grow into leafy shoots. During the second year they develop into 
buds crowned by six to eight leaves, or floral buds and develop into flower clusters 
the third. It is due to the fact that the purse eyes require two years to form flowers 
that we have alternation of floriferousness in the orchard-grown pome fruits when 
they are in full bearing and consequently growing moderately. The first year of 
the development of the purse eyes coincides with the bearing year. 

The infertile year which follows is the second year of the existence of the 
purse eyes which develop that year into flower buds. These latter opening the 
following year give rise to another floriferous year and so on for succeeding years. 

A study of the method of flowering of the apple will show that 
Courtois’s explanation was sound and that it satisfactorily explains 
biennial bearing. 

In our fruit trees we may distinguish two classes of branches: 
1. Branches of the first order, or structural branches; 2. Branches 
of the second order, or fruit branches. 

A structural branch in its first year of growth is called a leader. 

Fruit branches, on the other hand, are of several kinds. In 
the case of the apple we can distinguish: (1) The fruit branch 
(rameau a fruit); (2) The sprig (brindille); (3) The dart (dard); 
(4) The spur* (lambourde). 

A fruit branch is a leader in which the terminal and axillary 
buds in the upper two thirds or thereabouts of its length become 
flower buds during the season of its development (PLATEs I, FIG. 
2,and 2). The flower buds borne laterally on the leader have 
been described as formed axillarly by D’Albrett and by Gourley,f 
though they are in reality borne terminally on almost sessile spurs 
(lambourdes). A close study during the first season of the buds 
from which the supposed axillary clusters arise will show that at 
the close of vegetation the buds are subtended by a rosette of 
leaves and are not in the axil of a single leaf. The buds are, there- 
fore, terminal on sessile spurs and not axillary, as by definition 
an axillary bud is a bud borne in the axil of a leaf. Forney is also 


aes 


of this opinion for he states that ‘‘it often happens that the eyes 


* The dard and lambourde, which I have distinguished from one another, are 
called indiscriminately spurs in the Anglo-Saxon horticultural literature. 

+ D’Albret. La taille des arbres fruitiers, Ed. 4, 7. Paris. 1842. 

t Gourley, J. H. Studies in fruit bud formation, New Hampshire Agr. Exp. 


Sta. Tech. Bull. 9, 17. I915. 
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of this season’s leader become transformed at once into spurs, 
and flower perfectly the following year.’’* In the apple the 
development of flower buds on fruit branches is not commonly 
met with (see TABLE I) and is said to occur only in very fertile 
trees, or trees weakened by transplantation or soil exhaustion. 

The sprig (brindille) is a shoot about a foot or so in length which 
develops from two-year-old wood, from dormant eyes in older wood, 
or even from purse eyes. The sprig produces not infrequently a 
terminal flower-bud the year of its formation, thus behaving in a 
very similar manner to a leader that has become a fruit branch. 
In the apple the sprig is not an uncommon form of a fruit branch.t 

The dart (dard) is a short, stout branch possessing smooth 
bark and growing out from the supporting branch at about a right 
angle, in its most typical form, that is, when derived from a spine. 
In its atypical form (PLATE 3, FIG. 1), the only one met with in 
the apple, it is simply a very short spine-like branch with smooth 
bark. The dart may also develop from a purse and it is usually 
considered that the health and vigor of a spur depends on its 
having been derived from a dart or to the development of a dart 
or darts at some subsequent time (PLATE I, FIG. 1). In very fertile 
varieties of the apple the dart may produce a terminal flower-bud 
the year of its formation.{ Usually, however, it only flowers the 
third year. When the dart forms a flower bud the first season of 
its growth the floral bud will be found nestling in a rosette of 
leaves, the apex of the dart having become immediately trans- 
formed into a spur (lambourde). But if the floral bud is to form 
at the end of the second season then the apical bud will behave 
in the manner characteristic of the apical buds of a spur at the 
close of the first year’s vegetation, that is it will be subtended by 
a rosette of three or four leaves. 

The spur (lambourde) (PLATE 3, FIG. 2), is a short, thick, 
brittle branch with much wrinkled bark and breaking readily 
with a smooth fracture. The crests of the wrinkles are nodal 
points, the troughs internodal points. The axillary buds are very 
inconspicuous and usually remain dormant though they can be 


* Forney, E. Taille des arbres fruitiers, Ed. 2, 1: 258. Paris. 1907. 
+ Barry, P. Thefruit garden, 11. New York. 1851; Forney, loc. cil. 1: 254. 
¢ Berne, A. Manuel d’arboriculture fruitiére, 69. Grenoble. 1898; De Mor- 


tillet, M. P. Les meilleurs fruits 3: 376. Montpellier. 1868. 
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made to develop by appropriate means. The spur usually de- 
velops from:a bud formed during the previous year, that is from 
two-year-old wood, and requires two seasons’ growth to form a 
flower bud. At the end of the first year the apical bud will be 
surrounded by a rosette of three to four leaves, and at the end of 
the second by a rosette of six to eight leaves, and will have become 
a floral bud, though spurs may develop on a purse that are fertile 
the year of their formation behaving in this respect like the spurs 
of a fruit branch. A spur may live for a number of years becom- 
ing with age more or less branched, depending on the degree to 
which the eyes of the floral axes, or purses develop (PLATE I, 
FIG. I). 

Besides the methods of flower-bud formation already described 
one other method deserves to be described. In orchards where 
second growth occurs it is not infrequently observed that the 
terminal buds become flower buds immediately.* It should, how- 
ever, be noted that this mode of florification is not exceptional 
in its manner of development. Second growth, except in point 
of origin, is of the nature of a sprig (brindille) and we have seen 
that on this type of fruit-branch apical flower buds form commonly 
the first year of its development. We have seen, furthermore, that 
axillary buds on a leader could develop spurs which bore flowers 
the following season, that spurs could develop on a purse that were 
fruitful the following season; that the apical bud of a leader also 
sometimes developed into a spur which flowered the following 
season. Now it is to be noted that the flower-buds formed in 
the several ways above mentioned have this one point in common: 
they grow on the end of a shoot that develops six to eight sessile 
nodes in a single period of vegetation. In other words an apical 
bud subtended by six to eight sessile nodes will be a flower-bud, 
irrespective of the type of branch upon which it develops. The 
development of the flower-buds is then clearly correlated with 
growth. But this growth must be sessile, in other words extremely 
slow and quick maturing, conditions that can only be supplied by 
a scant but sufficient water supply coupled with conditions favor- 
able for photosynthetic activity. 


*Van Mons,L. B. Arbres fruitiers 1: 108. Louvain, 1835; Gourley, J. H., 


loc. cit. 
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Of the various ways in which flower buds form in the apple, 
we may dismiss as of absolutely no importance from the point of 
view of crop production, flower bud development on second growth, 
and the same may be said of flower bud development on spurs 
from leaders of the same age. The following table will show 
quite clearly that such floral buds produce as a rule but a small 
part of the total bloom, and this despite the fact that the data 
were taken by counting random branches round individual trees 
from the apex of a leader down the branch for a convenient 


distance. 
TABLE I 


RELATIVE IMPORTANCE OF SPURS AND FRUIT BRANCHES IN CROP PRODUCTION 


Number of 
\ ety trees ex Blossom on spurs Clusters on fruit branches 
amined per ent I 

Red Astrachan. 2 100 oO 
Early Harvest 2 100 oO 
Bellflower I 87.6 12.4 
Ly scomb I 99.42 0.58 
Rhode Island Greening I 100 oO 
Fallawater I 90.5 0.5 
Duchess I 98.2 5.2 
Wagener I 89.8 10.2 
MclIntosh.... I 94.6 5.4 
Wealthy 2 62.3-905 37.7-5.0 
Baldwin ; 15 100-89.4 (mean 99.09) 0.0—-10.6 (mean 0.91) 
Peck's Pleasant. 2 98.75-07.-9 1.25-2.1 
Transcendant Crab I 80.6 19.4 


On apple trees of bearing age the leaders may develop apical 
flower buds during the first year. But this mode of bearing does 
not play a material part in the total yield of a tree. The crop of 
apples, at least in years when the yield is good, is produced by 
the spurs. Let us study, therefore, the behavior of the spurs 
following their first productive year. 

We have seen that a spur usually develops from an axillary 
bud on two-year-old wood and forms an apical bud subtended by 
a rosette of three to four leaves, which develops next year into a 
very short growth bearing a bud subtended by a rosette of six to 
eight leaves, and experience has shown that such a bud is invariably 
a flower bud, whereas the apical bud with a rosette of three to four 
leaves is only potentially floriferous. The flower bud of the apple 
is a mixed bud, and to this fact we owe certain peculiarities in 
the growth of spurs to which attention must now be called. 
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After the flowers have been pollinated and the fruit has set the 
lower and leafy portion of the floral axis becomes considerably 
thickened and pursey (PLATE I, FIG. 1), hence the name bourse given 
to it by the French and which Dr. Black* has very appropriately 
anglicized purse. On this purse one or two axillary buds either 
become spurs, darts or sprigs, or if placed terminally on a leader 
may and usually do develop a shoot. The spurs form during the 
current year and either flower the following spring, or, and 
customarily only do, develop a flower-bud during the second season 
and bloom in the third, but, should the purse eyes remain dormant 
the year of their formation then the spurs would not bloom until 
the fourth year; the darts, which develop readily on purses (see 
PLATE I, FIG. 1) and sprigs flower in the usual way. 

Owing to the fact that with few exceptions, spurs only flower 
on alternate years it must follow that after an apple tree begins to 
form new growth slowly and bear heavily, a light crop must 
necessarily follow a heavy crop, for, when the flowering of the 
spurs synchronizes to such an extent as to give a large yield, the 
same spurs are not in a position to bear again until the next suc- 
ceeding year. Alternate bearing in mature apple trees is, there- 
fore, a natural phenomenon and one that could be predicated 
from the mode of flowering of the tree., 


Ill 


Alternate bearing of the apple has been ascribed very generally 
to exhaustion following the productive year, but this opinion 
appears to be without foundation, for it is commonly observed 
that an apple grows well following a productive year which would 
not possibly be the case were the tree exhausted. Again if the 
tree were exhausted when it bore heavily it is to be presumed that 
the spurs would require a longer time to produce flowers than 
they do when production is light, for a spur weakened from any 
cause is not a fruitful spur any more than is one that develops with 
too much vigor. Nor is there any particular justification in 
Gourley’s viewf that there is a relation between the amount of 
starch stored and flower bud development. Flower buds may be 


* Black, C. A. The nature of the inflorescence and fruit of Pyrus Malus. Mem. 
New York Bot. Gard. 6: 521. 1916. 
+ Gourley, J. H. loc. cit. 
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developed on one-year-old wood by defoliation, cutting back,* or 
cutting into the wood above the eyes as is done when lifting a bud.T 

These several methods, dissimilar as they may appear, all 
cause increase in sap pressure and not an increase in stored starch, 
behind the buds which thereupon grow into short spurs with apical 
flower buds. The difference in starch content between fruitful 
spurs and barren spurs is an effect of the mode of vegetation, not 
the cause of it. An inspection of fruit spurs will show that those 
bearing flower buds have more leaves per unit length than those 
bearing leaf buds and consequently should contain more starch. 

But if the theory that alternate bearing is due to exhaustion 
has little or no foundation, the remedies that have been proposed 
to overcome the debilitating effect of fruitfulness are not for the 
most part without value. 

According to Beach “systematic thinning of fruit combined 
with skillful care in other directions, may materially strengthen 
the tendency of the tree to bear annually’’f a statement which 
can not be considered a strong endorsement of the value of thinning 
for the purpose of equalizing crop production; and effectively a 
year later we find the same author concluding as a result of 
‘experiments on thinning carried out for several successive years 
that “‘thinning the fruit did not appear to cause any material 
change in either the amount or regularity of fruit production,’’§ 
a view that must be considered substantially correct as we shall see. 

Thinning the fruit can not be expected to effectively regularize 
bearing for the reason that this operation can have but the 
following effects upon the tree: 

ist, Thinned trees produce ceteris paribus more new growth than 
non-thinned trees; 2d, The sap drawn into the spurs to main- 
tain the fruit, is diverted after thinning into the eyes of the purse 
which develop more fully than they otherwise would have done. 

The increased growth produced by thinning will, in the normal 
course of events, flower only in the third year after the thinning was 
effected, in other words, the growth produced as a result of thinning 
will become productive a year later than the spurs that were 

* Van Tieghem, Ph. Traité de botanique, Ed. 2,1: 961. Paris. 1892. 

t Baron, Philibert. Nouveaux principes de taille des arbres fruitiers. 1858. 

t Beach, S. A. The thinning of fruit. California fruit grower 27: 4. 1902. 


§ Beach, S. A. Thinning apples. New York Agr. Expt. Sta. Bull. 239: 198. 


1903. 

















Cultural method Mean 2 
employed yield 1907 1908 1909 IGro 1gIr 1912 1913] 1914 
Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. Bu. 
Tillage and cover- 
Fae 304 — 34I +103 — 169 +I4I —162 +117 +161 +148 
Tillage, cover crop 
and stable manure. 381.5 —264.5 —236.5|+11I.5 —165.5 +230.5 —193.5 4 272.5 +364.5 
Tillage, cover-crop 
and chemical 
manure oi 420 |—29I1 — 298 +219 — 302 +153 —259 +407 +180 
Sod-mulch. .. 327.2, —298.2 —106.2/ —112.2 + 63.8 — 81.2 +111.8|+199.8 +110.8 
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fruitful during its first year of growth and consequently a certain 
regulatory effect will be produced, the magnitude of which can 
be estimated in advance by the number of spurs formed. 

As regards the effect of thinning on the fructification of the 
spurs it should be noted that the purse eyes normally only bloom 
the third year, though they may, as Goff has pointed out,* bloom 
the second season, but such behavior is exceptional and there is 
no evidence at present that thinning advances the time of blooming 
of the purse eyes. 

The value of thinning in regularizing bearing must be small, 
though there can be little doubt but that it is an adjuvant. 

Various cultural operations and methods of fertilization have, 
as would be expected, quite marked results on the regularity of 
bearing of apple trees. This is, of course, not surprising. Cul- 
tural methods affect markedly the vigor and productivity of 
plants and it is easy to understand that in any given soil and 
situation the optimum would be obtained by some one method 
of treatment rather than another. The data presented in the 
following table is in this respect instructive. 


TABLE II 


EFFECT OF CULTURAL METHODS ON PRODUCTIVITY AND REGULARITY OF BEARING 
OF NORTHERN SPY AND BALDWIN APPLEST 


Sod-mulch and stable 


manure 


Sod-mulch and chem- 
ical manure. . . 417.51 —-3790.5 —218.5|'— 8.5 +142.5 — 47.5 — Ff. 


470.7| — 380.7 —255.7|+ 22.3'+ 55.3 +150.3 — 


wm 
~ 
~I 


* Goff, E.S. Investigation of flower buds. Wisconsin Agr. Exp. Report 17: 
283. 1900. 

t After data by Stewart, J. P. Cultural methods in bearing orchards. Penn- 
sylvania Agr. Exp. Sta. Bull. 141: 23. 10916. 


t In 1913 the Baldwin was seriously and irregularly affected by frost and the 


yield for the Northern Spy only is given. 


+282.3 +242.: 


1915 


Bu. 
+ 2 
—118.5 


+19! 
+111.8 


= 527 


+116.5 
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The data in the above table show that in the trees under 
tillage alternate bearing is more pronounced than in the trees 
under sod-mulch; and that fertilization emphasized alternate 
bearing whether the trees were in sod-mulch or under cultivation. 
The trees grown in sod-mulch without fertilization bore more 
uniformly than under any of the other cultural methods used, 
which signifies that in the trees so treated there was a more 
uniform yearly production of spurs than in the others, which in 
other words means that the yearly growth of the trees must also 
have been more uniform. 

An example will make the above statement clear. Let us 
assume that we have an apple tree in full bearing and that we 
have six consecutive years of bearing wood already formed. Let 
us say that the youngest growth developed in 1916, then the oldest 
was produced in 1908. Now if the yearly growth has been equal 
throughout, the number of spurs formed will have been equal and 
the crops produced identical (TEXT FIG. 1). 





1908 1909 , 1910 , 1911 , 1912 , 1913 , 1914 , 1915 , 1916 


PEE Cee 


Fic. 1. Diagrammatic drawing showing method of fruiting of the apple. 








@ = Bearing year; the numbers subjoined in the figure indicate year of fruit- 
fulness. 
“™ = One year’s growth. 


= Two years’ growth. 


Now let us suppose that the yearly growth was unequal, then 
the number of spurs formed will have been unequal and produc- 
tiveness will have exhibited corresponding fluctuations. 

There is, therefore, a direct relation between growth and 
productiveness. In order to produce annual bearing in the apple, 
and this is a sine qua non, one must cause the development of 
flower-buds to take place in about equal numbers every year. 
In other words, the bearing surface of an apple tree after it has 
reached maturity should not be allowed to change, which means 
that the new growth should be regular and always sufficient to 
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compensate for the decrease in fertility and death of the spurs 
on the older bearing wood. Pruning may be considered as the 
most potent means of regularizing bearing, in fact the only really 
effective means of accomplishing this object, as Columella* 
pointed out long ago. By pruning one can maintain the proper 
balance between vegetative vigor and reproductive vigor. By 
judicious pruning spurs can be made to develop in proper number 
so as to fully garnish the two-year-old wood and even to form on 
the current season’s growth.f Again the spurs themselves can 
be rendered more productive by judicious pruning.{ 

In conclusion I would lay down the following axiom: To obtain 
regular fruitfulness in apple trees of bearing age the yearly de- 
partures from the mean growth must be small. 


AGRICULTURAL EXPERIMENT STATION, 
DURHAM, NEW HAMPSHIRE 


* Columella, L. J. M. De rei rustica. Venice. 1523. 
tT Van Tieghem, Ph. loc. cit. Baron, loc. cit. 
t Hardy, loc. cit. Forney, loc. cit. 
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Description of plates 1-3 


PLATE I 


spurs, 


ld spur showing mode of growth and component parts 


Fic. 1 An 
purses and darts 
Fic. 2. A fruit branch taken from a Transcendant Crab showing lateral inflores- 


cences on sessile spurs. 
PLATE 2 


A fruit branch taken from a Wealthy apple, showing the lateral inflorescences 
borne on very feebly developed spurs. 
PLATE 3 


Fic. 1. A dart in flower 
Fic, 2. A spur in flower. 
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Meadow vegetation in the montane region of northern Colorado 


E. L. REED 


(WITH ONE TEXT FIGURE) 


The meadows here considered are chiefly those of a mountain 
park, Boulder Park, at Tolland, in the montane region of 
northern Colorado, at an altitude of 2,710 m. Reference is also 
made to some meadows at lower altitudes, likewise to some of the 
subalpine region. 

Boulder Park (Fic. 1) is a small treeless valley about 3.2 km. 
long by 1.2 km. wide, surrounded by hills covered with forests of 











Fic. 1. View of Boulder Park (Tolland, Colorado) looking west to the Con- 
tinental Divide. Meadow vegetation is developed along the Creek, around the 
poncs and on certain hillsides, especially above the lake at the right of the picture. 
Photograph by Dr. G. S. Dodds. 


conifers and aspens. South Boulder Creek flows in a winding 
course through the length of the park. The floor of the park is 
covered with glacial drift in the form of morainic knolls and sinks 
and flat terraces formed by a rearrangement of the glacial deposits 
through the action of running water. Drift material is also present 
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on the lower parts of the surrounding hills. The vegetation of 
the park forms itself naturally into the following communities: 
sedge moor, willow scrub, meadow, and dry grassland (see Rama- 
ley, 1). The mesophytic portion of the grassland, which is char- 
acterized by meadow grasses, sedges, and flowering herbs closely 
set so as to expose very little bare ground, is here termed meadow. 
Itis with the meadow vegetation primarily that the present paper is 
concerned. The meadow association occurs along streams and 
around ponds, lying just above the willow scrub. Itis bordered in 
turn by dry grassland or else by coniferous forest. The width of the 
meadow zone along streams is I-10 m. or more, but there are hill- 
side meadows also, one in particular being about 300 X 600 m. in 
extent. 
ENVIRONMENTAL FACTORS 

The high altitude of Boulder Park and its proximity to the 
snow-covered peaks of the Continental Divide give it a severe 
climate. There is considerable snow in winter and frequent 
showers occur in spring and summer. The annual rainfall is 
thought to be about twenty-eight inches and the mean annual 
temperature 40° F. with a mean for July of about 58° F. The 
maximum temperature known for July is 82° F., and the minimum: 
32° F. Scarcely a week passes without frost, while ice is formed 
frequently in July and August (see Ramaley, 2). 

The soil of the meadows is a loose sandy loam two to ten 
decimeters thick. The subsoil is composed of coarse gravel. 
Determinations of soil moisture and temperature were made each 
season. The results are shown in TABLEs I and II. 


TABLE I 
SOIL TEMPERATURES AT A DEPTH OF 30 CM. 
July, 1915, average of twenty-three readings, 53.6° F. 
July, 1916, average of fifteen readings, 56.4° F. 
TABLE II 
SOIL MOISTURE AT DEPTH OF 30 CM. 
July, 1915, average of fourteen determinations, 16.7 per cent. 
July, 1916, average of five determinations, 16.3 per cent. 
By way of comnarison it may be stated that the soil tempera- 
ture of the dry grassland societies shows 64° F. for the July average 
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and that the soil moisture shows 4.6-9.1 per cent (see Ramaley, 
etc., I, 2, 3). 


SEASONAL ASPECTS 


This study was carried on in 1915 and 1916 during two sessions 
of the University of Colorado Mountain Laboratory, extending 
from the last week in June to the first week in August. This 
embraces the summer season only, hence the spring and autumn 
aspects will be omitted. 

Early summer is characterized by a profusion of flowers; 
grasses and sedges also are to be seen but they are not yet in 
bloom. The most conspicuous plants are Thermopsis divaricarpa, 
Pseudocymopterus tenutfolius, Castilleia sulphurea, and Pedicularis 
Parryi. The green of the foliage and yellow of the blossoms give 
the meadows at this time a yellowish green hue. 

Late summer has a great profusion of flowering dicotyledons 
interspersed with grasses. The conspicuous plants in flower are 
Campanula petiolata, Delphinium robustum, and three species of 
Potentilla. These give the meadows either a bluish green or a 
yellowish green hue, depending upon whether the Campanula and 
Delphinium or the species of Potentilla predominate. 


SOCIETIES 


Owing to the varying conditions of moisture, differences in 
soil texture, and depth to subsoil, various societies may be dis- 
tinguished. The genetic relationship of the several societies has 
not been studied. The following seem fairly well marked and 
with each a few species of the most prominent plants are given: 

1. Pedicularis-Pseudocymopterus Society—In certain of the 
drier portions of the meadows. JPedicularis Parryi, Pseudocy- 
mopterus tenuifolius, Tium alpinum, Sieversia ciliata, Potentilla 
pulcherrima, Carex festiva, Festuca ingrata, Phleum alpinum 

2. Thermopsis-Castilleia-Campanula Society.—Characteristic of 
drier portions of hillside meadows. Thermopsis divaricarpa, 
Castilleia sulphurea, Campanula petiolata, Bistorta bistortoides, 
Helianthella quinquenervis, Calochortus Gunnisonii, Allium Geyeri, 
Valeriana furfurascens, Festuca confinis, Phleum pratense, Stipa 
Nelsonti, Bromus Porteri, Danthonia Parryi. This society has 
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two seasonal aspects: (a) early summer aspect with Thermopsis 
divaricarpa and Castilleia sulphurea dominant; (d) late summer 
aspect with Campanula petiolata dominant. 

3. Campanula-Eriogonum Society—This society is rather 
typical of the drier portions of the meadow especially that border- 
ing on dry grassland. Campanula Parryi, Eriogonum subalpinum, 
Galium boreale, Achillea lanulosa, Erigeron macranthus, Artemisia 
gnaphaloides, Stipa Nelsontt. 

4. Pentstemon-Agoseris Society—This society is common in 
glacial sinks where the soil is deep and only moderately wet. A 
few invasions from the surrounding dry grassland are sometimes 
found. Pentstemon procerus, Agoseris glauca, Valeriana furfuras- 
cens, Pedicularis Parryi, Achillea lanulosa, Potentzlla pulcherrima, 
Mertensia Bakeri, Festuca pseudovina, Danthonia intermedia. 

5. Potentilla-Fragaria Mixed Society—rThis society is typical 
of meadows along streams. There are no species that dis- 
tinguish the society, but a number are present in almost equal 
abundance and the plants named are all well represented. Poten- 
tilla pulcherrima, P. Hippiana, Fragaria glauca, Galium boreale, 
Valeriana furfurascens, Achillea lanulosa, Sieversia ciliata, Pseudo- 
cymopterus tenutfolius, Erigeron eximius, Dasystephana Parryi, 
Tium alpinum, Thalictrum Fendleri, Trifolium repens, Danthonia 
Parryi, D. intermedia, Koeleria cristata, Festuca rubra, Agrostis 
hiemalis, Stipa Nelsonit. 

6. Dasiphora- Valeriana-Delphinium Society.—A society seen on 
moist gravelly soil well supplied with water. Dasiphora fruticosa, 
Valeriana furfurascens, Delphinium robustum, Fragaria glauca, 
Erigeron eximius, Galium boreale, Iris missouriensis, Caltha lepto- 
sepala, Pedicularis Parryi, Agoseris glauca, Pentstemon procerus, 
Achillea lanulosa, Tium alpinum, Pseudocymopterus tenutfolius, 
Sieversia ciliata, Campanula petiolata, Aragallus deflexus, Dasy- 
stephana Parryt, Castilleta sulphurea, Bistorta bistortoides, Potentilla 
pulcherrima, P. Hippiana, Aragallus Richardsonu, Carex festiva, 
Deschampsia caespitosa, Stipa Nelsonti, Festuca Thurberi, Koeleria 
cristata. 

7. Deschampsia-Valeriana Society—A society of fine-grained 
moist soil bordering sedge moors. Deschampsia caespitosa, Valeri- 


ana furfurascens, Thermopsis divaricarpa, Thalictrum Fendleri, 
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Castilleia sulphurea, Potentilla pulcherrima, Achillea lanulosa, 
Iris missouriensis, Dasystephana Parryi, Dasiphora fruticosa, 
Agoseris glauca, Carex festiva. 


(QQUADRAT DETERMINATIONS 


In addition to a general study of the meadows, two 2 m. quad- 
rats were examined in detail according to the plan developed by 
Professor Ramaley in his study of dry grassland (4). Of course 
such small tracts would not contain all the species in the meadow, 
but they had more than one fourth of all the meadow plants. 
TABLE III shows the results of this quadrat study. 


TABLE III 


SPECIES IN THE QUADRATS WITH APPROXIMATE PERCENTAGE OF GROUND COVERED 


BY EACH 
Percentage of ground covered 
Species Quadrat 1 Quadrat 2 
Botrychium Lunaria.. . ; Lie eee ee ; I 
I i. witiere ss np 35) ae eer 21 3 
Carex festiva....... , ‘ ‘ 2 I 
Juncus balticus montanus yer pia ote 3 I 
Calochortus Gunnisonii. . I 
Sisyrinchium angustifolium . . . I 
Cerastium occidentale... .. ; : I I 
Delphinium robustum... . iam I I 
Ranuncuius cardiophyllus iia ; I I 
Thalictrum Fendleri.. . . II 
Arabis glauca..... ; I 
Micranthes rhomboidea. . . I 
Dasiphora fruticosa. . I 
Fragaria glauca. ... , 8 
Potentilla gracilis I 
Potentilla pulcherrima ahs 4 4 
Aragallus Richardsonii. . 2 
Aragallus deflexus...... I 
Thermopsis divaricarpa. . ; I 
Tium alpinum..... 13 II 
Pseudocymopterus tenuifolius 2 I 
Dasystephana Parryi.. . : I I 
Chondrophylla Fremontii...... I 
Castilleia sulphurea. d 2 
Pedicularis Parryi....... ' 7 
Pentstemon procerus...... oy 4 
Galium boreale....... 2 
Campanula petiolata.. . I I 


Valeriana furfurascens.... : ‘ I 
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Achillea lanulosa.. . I 3 
Antennaria anaphaloides.. . 6 
Artemisia Forwoodii.. . I 
Arnica fulgens. I 
Carduus griseus 2 
Agoseris glauca... 5 2 
Crepis perplexa. : 2 
Taraxacum Taraxacum I 
Bare ground 15 12 


WATER REQUIREMENTS OF VARIOUS PLANTS 


The plants of the meadows may be classified according to 
their usual water requirements or better the amount of moisture 
in the soils they frequent. Following a plan used by Professor 
Ramaley in his lectures on ecology, the meadow plants are given 
the index numbers 5, 6, and 7. Those that grow most commonly 
in the drier parts of the meadow are numbered 5, those in the 
wettest parts 7, while the typical mesophytes are numbered 6. 

In meadows that are along streams or ponds it is often possible 
to recognize about three zones, these being characterized by dif- 
ferent amounts of moisture in the soil. Some plants are restricted 
to a single zone while others may grow in two or more but, with few 
exceptions, not in equal abundance. Certain plants, as Achillea, 
grow well in all three zones but are seldom in great abundance 
anywhere. 

In the systematic list of meadow species given below the 
relative soil moisture with which the various species are usually 
associated is indicated by one or more of the figures 5,6,or 7. The 
figure which represents the normal condition for the species is 
italicized. 

DURATION OF INDIVIDUAL PLANTS 


The majority of the meadow plants are perennials living for 
many years. Thirteen species, representing nine per cent. of 
the flora, are annuals. These are Polygonum Englemannii, Alsine 
baicalensis A. longipes, Draba nitida, Epilobium paniculatum, 
Gayophytum ramosissimum, Androsace subulifera, Amarella plebeja, 
Chondrophylla Fremontii, Collomia linearis, Collinsia parviflora, 
Orthocarpus luteus, Rhinanthus Crista-galli. Five species, repre- 
senting three per cent. of the flora, are biennials. These are Allium 
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recurvatum, Arabis divaricarpa, A. hirsuta, Potentilla monspeliensis, 
Lappula floribunda. Of the annuals and biennials, Allium re- 
curvatum is the only one that appears in any great abundance; 
the others are infrequent. 


FREQUENCY OF OCCURRENCE OF DIFFERENT SPECIES 
The various species do not occur with the same frequency in 
each meadow. Some are found in great profusion either locally 
or widely distributed. Others, which likewise may be either local 
or widely distributed. are never found abundantly in any place. 
In the following list frequency is indicated by letters: (a2) abundant, 
(f) frequent, (0) occasional. 
‘ 
SYSTEMATIC LIST OF MEADOW PLANTS IN BOULDER PARK WITH 
THEIR FREQUENCY AND WATER REQUIREMENTS 


OPHIOGLOSSACEAE 


Botrichium Lunaria (0) 6, 7 


POACEAE 
Agrostis hiemalis (f) 6 Koeleria cristata (a) 5, 6 
Agropyron pseudorepens (a) 5, 6 Phleum alpinum (f) 5, 6, 7 
Agropyron caninum (a) 6 Phleum pratense (f) 5, 6 
Agropyron Richardsonii (f) 6 Poa epilis (f) 5 
Avena americana (f) 5, 6 Poa interior (f) 5, 6 
Bromus lanatipes (f) 5, 6 Poa nevadensis (f) 6 
Bromus Porteri (a) 6 Poa rupicola (f) 6 
Calamagrostis canadensis (f) 7 Poa subpurpurea (a) 5, 6 
Danthonia intermedia (f) 6 Savastana odorata (a) 6, 7 
Danthonia Parryi (e) 5, 6 Sitanion longifolium (f) 5 
Deschampsia caespitosa (a) 6, 7 Sitanion brevifolium (0) 5 
Elymus glaucus (f) 7 Sporobolus asperifolius (f) 6, 7 
Festuca confinis (f) 6 Stipa Nelsonii (a) 5, 6 
Festuca ingrata (f) 6 Stipa Minor (f) 5, 6 
Festuca pseudovina (a) 5, 6 Stipa viridula (f) 6 
Festuca rubra (0) 6 Trisetum subspicatum (f) 5, 6 


Festuca Thurberi (a) 5, 6 

CYPERACEAE 
Carex festiva (a) 6, 7 Carex pennsylvanica (f) 6, 7 
Carex lanuginosa (f) 7 Carex utriculata (f) 7 
Carex occidentalis (f) 7 

MELANTHACEAE 
Anticlea elegans (f) 6 
JUNCACEAE 


Juncus balticus montanus (a) 5, 6 Juncus saximontanus (f) 7 


SL 
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ALLIACEAE 


Allium Gevyeri (a) 5, ¢ illium recurvatum (a) 5, 6 


CONVALLARIACEAI 


Vagnera stellata (f) 5, 


CALOCHORTACEAE 


Calochortus Gunnisonii (a) ¢ 


IXIACEAE 


Iris missouriensis (a) 6, 7 Sisyrinchium angustifolium (a) 6 


ORCHIDACEAE 


Limnorchus viridiflora (/ 


POLYGONACEAE 
Bistorta bistortoides (a) 5, 6, 7 Polygonum Englemanii (/) 5 
Eriogonum subalpinum (f) 5 Rumex densiflorus (0) 7 
ALSINACEAE 
Alsine baicalensis (0) 6, 7 Arenaria Hookeri (0) § 
Alsine longipes (0) 6, 7 Cerastium occidentale (a) 5, 6, 7 


Arenaria Fendleri (f) 5, 6 
CARYOPHYLLACEAE 


Silene Hallii (0) 5 


RANUNCULACEAE 


Aconitum ochroleucum (o) 7 Ranunculus affinis (f) 7 
Aconitum insigne (0) 7 Ranunculus cardiophyllus (f) 6 
Delphinium Nelsonii (f).5, 6 Thalictrum Fendleri (a) 5, 6, 7 


Delphinium robustum (a) 6, 7 
BERBERIDACEAE 
Odostemon aquaefolium (0) 5 


BRASSICACEAE 


Arabis divaricarpa (f) 6 Draba nitida (0) 6 
Arabis glabra (o) 6 Draba streptocar pa (f) 6 
Arabis hirsuta (o) 6 Erysimum Wheeleri (0) 5 


Bursa Bursa-pastoris (f) 5, 6 
CRASSULACEAE 


Sedum stenopetalum (0) § 


~AXIFRAGACEAE 


Micranthes rhomboidea (f) 5, 6 


ROSACEAE 


Dasiphora fruticosa (f) 6, 7 Potentilla gracilis (f) 5, 6 
Drymocallis glandulosa (o) 5 Potentilla Hippiana (a) 5, 6 
Fragaria glauca (a) 6, 7 Potentilla mons peliensis (0) 6 
Geum oregonense (f) 6, 7 Potentilla pulcherrima (a) 5, 6 


Potentilla filipes (0) 6 Sieversia ciliata (a) 5, 6, 7 
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FABACEAE 
Aragallus Lambertii (a) 5, 6 Homolobus flexuosus (f) 5, 6 
Aragallus Richardsonii (a) 5, 6 Thermopsis divaricarpa (a) 5, 6 
Aragallus deflexus (f) 5, 6 Tium alpinum (a) 5, 6 


Atelophragma elegans (f) 6 
GERANIACEAE 


Geranium nervosum (a) 7 


LINACEAE 


Linum Lewisii (a) 6 


MALVACEAE 


Sidalcea candida (f) 7 


HYPERICACEAE 


Hypericum formosum (f) 7 


EPILOBIACEAE 
Chamaenerion angustifolium (f) 5, 6 Epilobium rubescens (a) 5, 6 
Epilobium paniculatum (0) 7 Gayophylum ramosissimum (a) 6 
AMMIACEAE 


Heracleum lanatum (0) 7 Pseudocymopt.rus tenuifolius (a) 5, 6 


PRIMULACEAE 


Androsace subulifera (f) 6 Dodecatheon radicatum (0) 7 


GENTIANACEAE 
Amarella plebeja (0) 6 Dasystephana Parryi (a) 6 
Chondrophylla Fremontii (0) 6, 7 


POLEMONIACEAE 


Collomia linearis (f) 6 


HYDROPHYLLACEAE 
Hydrophyllum Fendleri (/) 6 


BORAGINACEAE 


Lappula floribunda (f) 5 Mertensia Bakeri (0) 5 
Mertensia viridula (0) 6 


RHINANTHACEAE 


Castilleia Crista-galli (0) 6 Pedicularis Parryi (a) 5, 6 
Castilleia sulphurea (a) 5, 6 Pedicularis Grayi (0) 5 
Collinsia parviflora (0) 6 Pentstemon procerus (a) 5, 6 
Orthocar pus luteus (0) 5 Rhinanthus Crista-galli (f) 6, 7 


RUBIACEAE 
Galium boreale (a) 5, 6 


CAMPANULACEAE 


Campanula Parryi (f) 5, 6 Campanula petiolata (a) 5, 6 





| 
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VALERIANACEAE 


Valeriana furfurascens (a) 6, 7 Valeriana micrantha (a) 5, 6 


CARDUACEAE 


Achillea lanulosa (a) 6 Carduus griseus (f) 6 
Antennaria anaphaloides (a) 5 Chrysopsis villosa (a) 5, 6 
Antennaria imbricata (a) 5, 6 Erigeron eximius (a) 6 
Antennaria microphylla (f) 5 Erigeron macranthus (f) 6 
Antennaria oxyphylla (f) 5 Gaillardia aristata (a) 5, 6 
Antennaria rosea (f) 5 Helianthella quinquenervis (a) 6 
Arnica fuigens ({) 6,7 Rudbeckia flava (a) 6, 7 
Arnica Parryi (0) 6 Senecio crocatus (f) 6 
Artemisia Forwoodii (f) 5 Senecio perplexus (f) 6 
Artemisia aromatica (0) 5 Senecio scopulinus (0) 6 
Artemisia gnaphaloides (0) 5 Senecio triangularis (0) 7 
Carduus americana (f) 6 Solidago concinna (0) 6 
Carduus Centaureae (f) 6 Solidago missouriensis (f) 6 


Carduus erosus (f) 6 


CICHORIACEAE 


Agoseris glauca (a) 6 Agoseris aurantiaca (0) 6 
Agoseris Greenei (f) 6 Crepis perplexa (a) 5, 6 
Agoseris purpurea (a) 6 Taraxacum Taraxacum (f) 6 


MEADOWS OF THE LOWER MONTANE REGION 


A comparison of the meadows of Boulder Park with those of 
the lower montane region shows that, in the main, the same plants 
are present but that the predominant plants in the lower meadows 
become secondary or may even be absent from the meadows of the 
park. At lower altitudes, introduced plants have supplanted 
largely the native species and have often become dominant as the 
following lists show: 

Trifolium-Poa Society.—Trifolium repens, T. pratensis, Tium 
alpinum, Fragaria glauca, Potentilla pulcherrima, Achillea lanulosa, 
Juncus balticus montanus, Dasiphora fruticosa, Phleum pratense, 
Carex festiva. 

Trifolium-Phleum Society.—Trifolium repens, Phleum pratense, 
Trifolium pratensis, Campanula petiolata, Fragaria glauca, Gerani- 
um nervosum, Tium alpinum, Achillea lanulosa, Taraxacum Taraxa- 
cum, Rudbeckia flava, Deschampsia caespitosa, Carex festiva. 

The higher subalpine meadows differ from the meadows of the 
montane zone in general appearance. Many of them have a 
grayer aspect due to the presence of sages and the greater hoariness 
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of some of the other plants. The plants here are generally shorter 
and the vegetation resembles dry grassland in its general aspect. 
Some of the plants found here are common plants of the montane 
region but they show a tendency toward dwarfing due to the effects 
of the more severe climatic conditions. In general there is more 
open or bare ground than in meadows at lower altitudes. Among 
the prominent plants are Pseudocymopterus tenuifolius, Bistorta 
bistortoides, Micranthes rhomboidea, Pedicularis Parryi, Achillea 
lanulosa, Rydbergia grandiflora, Sedum stenopetalum, Cerastium 
occidentale, Erysimum oblanceolatum, Artemisia Parryi, Dasiphora 
fruticosa, Campanula petiolata, Dasystephana Romanzovii, Agro- 
byron violaceum, Poa crocata. 

The lower subalpine meadows have the dark green color of the 
montane meadows but the plants are shorter. The number of 
grasses present is smaller and these cover less ground; therefore 
they are not so conspicuous as in the montane zone. Among the 
prominent plants are the following: Erigeron elatior, E. salsugi- 
nosum, Chrysopsis villosa, Achillea lanulosa, Castilleia confusa, Tium 
alpinum, Castilleia occidentalis, Thermopsis divaricarpa, Arnica 
Parryi, Solidago missouriensis, Campanula petiolata, Chamaenerion 
angustifolium, Helianthella quinquenervis, Artemisia Parryt, Pseudo- 
cymopterus tenuifolius, Vaccinium caespitosum, Senecio Flintii, 
Juncus Drummondit, Carex festiva, Stipa minor, Agropyron pseudo- 
repens. 


GEOGRAPHIC RELATIONS 
The fifty-five most prominent species of the meadow are largely 
northern plants. One plant only, Pseudocymopterus tenuifolius, 
has a range predominantly southern. Twenty-two range aboit 
equally north and south. TABLE IV shows geographic and alti- 
tudinal ranges of the predominent plants. 


TABLE IV 
GEOGRAPHIC AND ALTITUDINAL RANGE OF MEADOW PLANTS 
No. of species ranging chiefly to the north........ ' ~ 
No. of species ranging chiefly to the south...... er es bawen +e 
No. of species ranging to north and south. . sire + _ 
No. of species ranging chiefly higher. . . - ae 
No. of species ranging chiefly lower........ Semiak vtec 


No. of species ranging both higher and lower... .. ere a : jul 


x 
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MEADOW PLANTS FOUND IN THE FOREST AND ALONG ROADSIDES 


Comparison with a paper by Miss Mary Esther Elder (5) 
shows that the following plants here listed as meadow plants are 
also found in Boulder Park along roadsides: Phleum pratense, 
Koeleria cristata, Poa pratensis, Festuca rubra, Juncus balticus 
montanus, Bursa Bursa-pastoris, Potentilla monspeliensis, Fra- 
garia glauca, Trifolium pratense, Trifolium repens, Aragallus 
deflexus, Chamaenerion angustifolium, Collomia linearis, Chrysopsis 
villosa, Solidago concinna, Achillea lanulosa, Artemisia Forwoodi1, 
Artemisia gnaphaloides, Taraxacum Taraxacum. 

Comparison with a paper by Miss Katharine Bruderlin (6) 
shows that the following plants here listed as meadow plants are 
also found in the Lodgepole Pine forest: Arenaria Fendleri, 
Cerastium occidentale, Draba streptocarpa, Erysimum Wheeleri, 
Sedum stenopetalum, Drymocallis glandulosa, Potentilla pulcherrima, 
Sieversia ciliata, Aragallus Lambertii, Aragallus Richardsonii, 
Thermopsis divaricarpa, Tium alpinum, Chamaenerion angusti- 
folium, Amerella plebeja, Castilleia sulphurea, Orthocarpus luteus, 
Penstemon procerus, Galium boreale, Campanula petiolata, Achillea 
lanulosa, Antennaria anaphaloides, Antennaria microphylla, An- 
tennaria rosea, Carduus americana, Erigeron macranthus, Erigeron 
eximius, Agoseris purpurea. 


SUMMARY 


The foregoing is a report of a study of the meadows of a high 
mountain park at Tolland, Colorado, made during two summer 
seasons. Descriptions of seven societies are given. Societies 
of the lower montane region are also indicated and the chief 
characteristics of the subalpine meadows briefly discussed. A 
list of the meadow plants of Boulder Park with their frequency 
and soil moisture index is given. 

AGRICULTURAL AND MECHANICAL COLLEGE OF TEXAS, 
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